Abstract: North Anatolian Fault Zone, on which large earthquakes have occurred in the past, migrates regularly from east to west, and it is one of the most active faults in the world. The purpose of this study is to estimate the coda wave quality factor (Qc) for each of the five sub regionsthat were determined according to the fault rupture of these large earthquakes and along the fault. 978 records have been analyzed for 1.5, 3, 6, 9, 12 and 18 Hz frequencies by Single Backscattering Method. Along the fault, the variations in the Qc with lapse time are determined via, Qc = (136±25) The most change of Qc with lapse time is determined at Yalova-Saros region. The result may be related to heterogeneity degree of rapidly decreases towards the deep crust like compared to the other sub region. Moreover, the highest Qc is calculated between Adapazari -Yalova. It was interpreted as a result of seismic energy released by 1999 Kocaeli Earthquake. Besides, it couldn't be established a causal relationship between the regional variation of Qc with frequency and lapse time associated to migration of the big earthquakes. These results have been interpreted as the attenuation mechanism is affected by both regional heterogeneity and consist of a single or multi strands of the fault structure.
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The most change of Qc with lapse time is determined at Yalova-Saros region. The result may be related to heterogeneity degree of rapidly decreases towards the deep crust like compared to the other sub region. Moreover, the highest Qc is calculated between Adapazari -Yalova. It was interpreted as a result of seismic energy released by 1999 Kocaeli Earthquake. Besides, it couldn't be established a causal relationship between the regional variation of Qc with frequency and lapse time associated to migration of the big earthquakes. These results have been interpreted as the attenuation mechanism is affected by both regional heterogeneity and consist of a single or multi strands of the fault structure.
Introduction
Seismic attenuation express as the decrease in the energy that seismic waves propagate in the earth and it is similar to seismic velocities. The variance in attenuation characteristics on the crust is a function of depth and lateral transition. Generally, the change in attenuation in the earth is a bit greater than the change in velocity. The energy decrease for a seismic wave is directly proportional to amplitude, and inversely proportional to the square of the distance. If the decrease in energy is arisen from the lateral reflection, fracture, and/or scattering, it is defines as the attenuation of scattering (Qs), and if it is due to its converting to heat as the result of internal friction, then it could be defined as intrinsic attenuation (Qi).The quality factor (Q) is a significant parameter that is used often in seismological studies such as seismic hazard, focus mechanism solutions, calculation of magnitude and crust structure. There searchers use different techniques for determining the attenuation of seismic waves. While these studies are being carried out under various pressure and temperature conditions at laboratories, they are also able to be performed by using P, S or surface waves at site observations [1, 20, 22, 23, 25, 30, 33] . The data obtained from near or far field can be analyzed as per the scope of the study, and even the process can be performed by the time or frequency domain. In recent studies researches have used single scattering and multiple scattering models as suggested by [2] the most [14, 17, 24, 39, 40] . These models, where coda waves are being used, reveals the characteristics of scattering that exist at the medium where is located between the source and station. There is a strong relation between Qc and lapse time and frequency dependency. As the lapse time increases, information being obtained from depths of the earth increases. Thus, in cases where it has transferred to a more homogenous medium -than the heterogeneity at upper parts-as it is preceded towards the depths, an increase in Qc is being observed. The frequency dependency of Qc is an indicator forthe tectonic complexity of the area. There have been attenuation studies that carried out using various methods in some part of North Anatolian fault zone (NAFZ).
[29] calculated that there are relatively low coda-Q values for 5 and 10Hz at the Izmit -Sapanca and Iznik -Mekece fault segments in comparison with the north region of the fault zones. [42] had found Qc values are to be very low at between 30 and 200 at the Iznik -Mekece fault in the North Anatolian Fault Zone and the frequencies from 2 to 10 Hz when compared with the values that range between 70 and 300 in the surrounding region. The reason for this is scattering due to concentrated heterogeneous medium and temporal increase of intrinsic attenuation related to the preparation for a large earthquake. [22] investigated the crustal structure beneath the western part of the North Anatolian fault zone. The low-velocity and high-attenuationpatterns correlatefor most part with the fracturing zones of the NAFZ. While low velocities have been observed beneath the main sedimentary basins (e.g., Adapazarı, Düzce, and Kuzuluk), there have been high-velocity and low-attenuation patterns correlated with blocks presumed to be rigid found in (Kocaeli, Armutlu, and Almacik blocks). [15] has calculated the attenuation of coda wave at Marmara region to beQc = 41f 1.08 and Qs = 50f 1.09 for 50 sec. lapse time. [5] determined P wave attenuation of (Qp) along two portions of the North Anatolian Fault Zone (NAFZ) in Turkey and in a region in southern Germany. They calculated that the Q is lower in the western NAFZ than in the eastern NAFZ for a distance ranging from 15 to 40 km. The results of our study, investigating the attenuation characteristic in detail of NAFZ have high tectonic activity level could provide a significant contributions. These are; first, the crustal attenuation characteristichas been determined for the whole NAFZ area that is covering through 12 provinces in which Istanbul is included. Second, five sub regions were determined by considering where the large earthquake fractures are located. Qc change down to a depth of average 100 km had been determined with varying lapse time for each located region. Finally, the heterogeneity degree of lower crust and upper mantle along NAFZ has been determined.
Tectonic Setting and Seismic Activity
North Anatolian Fault Zone (NAFZ), which was first named by [18] , and is morphologically distinct having seismically active zones, which is among the most well-known faults in the world. The NAFZ is an active right-lateral strike-slip fault with a length of 1200 km, and its width varies between 100 m -10 km. This fault constitutes as part of the boundary in between Eurasia plate at north and Anatolian plate at South. It extends from Karliova at east to Saros Bay at west and is parallel to the shores of the Black Sea, and connects the East Anatolian compression area to the Aegean -Cyprus arch [6] [7] [8] (Figure 1 ). In the recent century, the earthquakes that have occurred on NAFZ fault indicate that the earthquakes have systematically migrated from east to west (Figure 1-a) .The migration to west, was started in 1939 by the Erzincan earthquake that was Ms = 8.2, and concluded with the Izmit earthquake (Mw = 7.4) on August 17, 1999, and Duzce earthquake (Mw = 7.2) on November 12, 1999. It has been emphasized by many studies that have been performed, there is an increased chance of a major earthquake occurring on the strand of the NAFZ in the Sea of Marmara (Figure 1-b) [19, 31, 41] and [26] .
Coda and Single Scattering Method
The coda waves are secondary waves that compose of scattering body waves due to the heterogeneity in the crust and mantle. As lapse time increases, the coda waves that arise as the result of single (<100s) or multiple (>100s) scattering are analyzed ( [10, 21] ). As the S wave usually covers the P wave especially in near the surface earthquakes, this phenomena leads to S coda wave generally being used instead of P coda in such studies. In this study, single scattering method -which was first used by [2] has been used. In this method, the amplitude decrease in coda wave is being defined as a function of time.
In equation (1), A(f,t) is the (f) filtered coda wave amplitude at a specific central frequency; t is the lapse time; Qc is the quality factor of coda wave; and C = 2(2∆f) 1/2 . Moreover, α is 1, 0.50 or 0.75 for body, surface and scattering waves [36] . For this reason, if logarithm is calculated by having α = 1 in the equation (1), it becomes;
For each selected lapse time window and frequency, the Qc is calculated from the inclination of the line passed through the scattered values in ln(A(f,t)*t) and t graph. In the calculation of Qc(f), the RMS magnitudes of coda envelope at a lapse time window is used. The lapse window is selected from the coda of S wave. According to various researchers, the initial time of the window should be product by 1.5 or 2 corresponding to the difference from theorigin time of earthquake and the arrival time of the S wave.The reason for this is to prevent the coda wave from being affected by the source [34] . Derived coda Q values show a clear dependence on frequency according to the relationship Q = Qof n , where Q 0 is the value of Qc at 1 Hz, and n represents the degree of frequency dependence of Qc. n value is effected from the heterogeneity of structure and also Qo has low values (<200) in the regions where the tectonic activity is high. [32] , in its Qc estimation was made by using coda wave, that referto the identification of a surface in the form of an ellipsoid. The projection of this ellipsoid on the surface source is defined as a = Vst/2 for large axis and b = a 2 -(r 2 /4) 1/2 for small axis. Vs is considered to be a S wave at a velocity of 3.7 km/h, r as distance between source and receiver, and t as the lapse in time. And the maximum depth of this ellipsoid volume which varies depending on the distance between focus and station, is calculated by
Where h is the maximum depth;
hav is the average hypocenter depth of the earthquakes; r is hypo central distance. In this study, the maximum depths varied between 89 to 98 km (Table 1) .
Data
In this study, 654 earthquakes with a magnitude of M≥ 3.0 which had occurred between the years of 2009 to 2014 in North Anatolian Fault Zone were used. The stations being used in this study are operated by KRDEA, and generally, the recorders hada three component broadband. The study area has been divided into five areas based onthe fault fracture where large earthquakes had occurred, the distribution of earthquake and the stations. The distribution of earthquakes and stations used in each region can be seen in Figure 2a . I.Region situated between Karliova -Tokat which approximately covers the fault of the 1939 Erzincan earthquake (M = 7.9). Erzincan / Cayirli earthquake 1939 (M = 5.9),1942 Tokat / Erbaa and Niksar earthquakes and 1992 Erzincan / Cayirli earthquake (M = 6.8) occurred in this area. Karliova triple junction also located in the region. For calculation Qc of the region were analyzed 280 seismograms of 274 earthquakes.The magnitudes of earthquakes varied between 3.0≤ M≤ 5.6, and their depths were 2.8 to 12.9 km. The records of BAYT, ERZN, ILIC, PTK, RSDY stations were used.
II.Region located between Tokat -Corum which approximately covers the fault segment of Samsun / Ladik b1, b2, b3, b4, b5) and (c1, c2, c3, c4, c5) , respectively. In this study, seismograms that have signal/noise ratio greater than 2 were selected.The length of the time windows is related to the change of coda Q. In this study, the length of the lapse time window was taken at 20-30-40 sec respectively. Afterwards it was filtered by 6 units of consecutive Butterworth filters with 8 poles whose frequencies were 1.5, 3, 6, 9, 12 and 18 Hz, and whose bandwidths were 1, 2, 4, 8, 12 and 24 Hz respectively. Moreover, envelopes of S wave coda at local earthquakes had differed slightly at horizontal and vertical components [36] . In this study, single scattering method was applied to vertical component data. Coda window is started from the time that corresponds to twice times of the differences between the origin time and the S wave arrival time.
In the equation (1), different Qc values for the different lapse timeswas calculated by using the least squares regression method. In the calculations used the data which had a correlation coefficient higher than 0.75 was used. In Figure 3 , the BAYT station's vertical component record of the earthquake -which occurred on 02.25.2010, at 10:06:25-is being shown. In this example, the coda window length is 20 sec. The left six panels show the seismogram that was filtered at the central frequencies that were mentioned earlier. On the right side of these six panels, is the Qc that can be obtained from the inclination of the line that is fitted with least squares method. The correlation coefficient values are higher than 0.76.
The graphs for the frequency dependent Qc change at varying lapse times for each area is being shown in Figure 4 . The number of earthquakes (N), Qc values calculated at different lapse times and frequencies and standard deviations was shown in Table 1 . The distribution maps of Qo and n values -which were calculated for each sub region and lapse time of 20 sec-is depicted in Figure 2 b1,b2,b3,b4,b5 and c1, c2, c3, c4, c5, respectively.
Result and Discussion
Frequency dependent coda Q analysis at different lapse times reveals the average attenuation characteristic of each sub region within the study area.
At I. Region: Qc(f) = (189±26)f (0.86±0.02) was calculated in the region.When compared to all regions, the calculated Qo in all lapse time is the lowest, and fre- quency dependency (n) is the highest in the subregion (Figure 2.b1-c1 ). And the highest Qo value was calculated around Cayirli and Uzumlu in the area. Also, the n values (0.8-1.1) that indicates the frequency dependency increases from east to west in the area. [4] performed attenuation study for both the S wave and coda wave for 20-50 sec. lapse timesand at 1.5-24 Hz frequencies at Erzincan area. They had especially specified that a decrease of S wave and coda wave is very different at high frequencies.
This difference is not occurred when it happens at short distance and low frequencies. to be a very heterogenic structure at shallow depths (Figure 2 .b3-c3). This occurrence is supported by the hot spring in the region, as they indicate a presence of deep-melted particles. [24] , in their study performed at northwest Himalayas, determined that a hot substance in a deep can cause high attenuation. Region IV is in the north branch of NAFZ, and this branch enters in the graben of Izmit -Sapanca, and disappears at the south of Ganos and at west shore of Marmara Sea. Furthemore,the Kocaeli / Golcuk earthquake (M = 7.4) of August 17, 1999occurred on this branch. An average frequency dependent power law fit for the region may be given as Qc(f) = (280±28)f (0.79±0.021) . While an increase in Qo value has been observed at the north branch of the fault, a decrease in the n value is also occurring (Figure 2.b4-c4 ). The average Qo value (212-362) and n value (0.73-0.86) were calculated for increasing lapse time in the area (Table 1, Figure 4 ). The highest Qc values being calculated in this area. It is seen thatstress has decreasedwith 1999 Kocaeli earthquake. And NAFZ there have been values found that correspond to this being an active area. In the S wave attenuation study performed at [16] for the same area, they found Qs = (13±1)f (1.22±0.05) .
Region V includes the NAFZ -that proceeds intothe Marmara Sea-and Saros Bay. The Marmara Sea area is the transition zone between the strike-slip deformation zone and expansion area and west Anatolian [8] . The quality factor of coda waves (Qc) estimated by back scattering model show strong frequency dependence and is calculated as (252±26)f (0.81±0.022) .As the lapse time increase, Qo value changes from 188 to 330, and n value changes from 0.74 to 0.88. This area shows the highest change within the lapse time along the fault, this has been inter- this there is not much change from Corum to Saros Gulf, as there is a small increase in Qo values at Saros Gulf, eastern Marmara Region, and Bolu. While the n value isthe highest in the area between Bolu and Çankırı, it has the lowest value in Yalova, Bolu, Karlıova and around Ço-rum, even with the n value is increasing from Karlıova to Tokat and from Yalova to Soros Gulf. This is stillinterpreted as resulting from the variationstectonic structure and heterogeneity among the different areas. The change in Qc as the depth increases, in other words as the lapse time increases has become a subject which many researchers have become interested in.Such studies are numerous especially inactive tectonic areas. In the studies when the lapse timeis 20 sec., [9] calculated Qc = 29f 0.9 in their study at Etna and Granada, [12] calculated Qc = 64f 0.9 in their study at volcanic area in the southeastern area of Sicily, [13] calculated Qc = 66f 1.16 in the Koyna area, and in the studies performed with a lapse time of 20 sec., Qc = 96f 1.09 had been calculated, and in the studies performed with a lapse time 40 sec. Qc = 131f 1.04 had been calculated.
[28], lapse time shows regional change along the fault zone. The rapid change of Qc was found between Çorum-Adapazarı, and the smallest change ofQc occurred betweenYalovaSaros. It is seen that there are regional differences a transition to homogeneity to low crust and upper mantle. Also, the changes from region to region in Qc were explicit as they were affected by the structure of fault rather than the ordering of earthquake migrating from east to west. Additionally it has been determined that the frequency dependency is high and Qo value is low in areas where the NAFZ lies along a single branch.
